Response of proximal tubules to angiotensin II changes during maturation.
The renin-angiotensin system changes with age, but it is unclear how renal responses to angiotensin II (Ang II) evolve as an animal matures. We hypothesized that Ang II exerts a greater effect on proximal nephron volume absorption (Jv), blood pressure (BP), renal blood flow (RBF), and renal vascular resistance (RVR) in young compared with adult rats. To test this hypothesis, we investigated the effects of Ang II on proximal nephron fluid absorption in response to 10(-10) mol/L Ang II in rats from three age groups: young (4 to 5 weeks old), intermediate (6 weeks old), and adult (7 weeks old). In proximal straight tubules from 7 young rats, Jv was 0.64+/-0.05 nL/mm per minute. Ang II in the bath increased Jv by 69+/-18% to 1.05+/-0.07 nL/mm per minute (P<.005). In tubules from five intermediate-aged rats, Jv was 0.60+/-0.10 nL/mm per minute and increased by 34+/-5% to 0.83+/-0.16 nL/mm per minute after Ang II (P<.02). In five adult rats, Jv was 0.69+/-0.06 nL/mm per minute and increased 20+/-6% to 0.85+/-0.13 nL/mm per minute after Ang II (P<.05). Next we tested whether the exaggerated effect of Ang II on proximal tubular Jv in young rats was due to Ang II-induced changes in cAMP. cAMP content of proximal tubules from eight young rats was 24.8+/-7.6 fmol/mm and fell by 29.7+/-9.8% (P<.025) after treatment with Ang II. In contrast, cAMP content of proximal tubules from nine adults was only 9.8+/-4.5 fmol/mm, 40% of baseline in young rats, and was unchanged by Ang II (9.2+/-4.5 fmol/mm). We finally determined whether the increased sensitivity to Ang II in tubules of young rats is mimicked by renal hemodynamics. Eleven adult rats had BP of 115+/-5 mm Hg, RBF of 6.99+/-0.42 mL/min per g kidney weight (kw), RVR of 16.82+/-0.95 mm Hg/mL per minute per g kw (resistance units), and plasma renin activity (PRA) of 11.2+/-2.3 ng Ang I/mL per hour. Seven young rats had BP of 98+/-7 mm Hg, 17 mm Hg lower than adults (P<.025). RBF was 4.94+/-0.23 mL/min per g kw, and RVR was 20.30+/-1.19 RU, 20% greater than in adults (P<.025). PRA was 9.2+/-2.2 ng Ang I/mL per hour. There were no differences between groups with regard to increased BP, decreased RBF, or increased RVR with graded doses of 8, 40, and 200 fmol Ang II/g body weight. Thus, Ang II increased Jv more in young rats but had a lesser effect in adults. This was coupled with a greater effect of Ang II on tubular cAMP in young rats, but no differences in systemic or renal hemodynamic responses to Ang II between adults and young. We conclude that during adolescent development, Ang II may be an important factor in the regulation of salt and water metabolism, but not renal hemodynamics.